Energy Analysis of Health Center Facilities in Saudi Arabia: Influence of Building Orientation, Shading Devices, and Roof Solar Reflectance  by Alshayeb, Mohammed et al.
 Procedia Engineering  118 ( 2015 )  827 – 832 
Available online at www.sciencedirect.com
1877-7058 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of organizing committee of the International Conference on Sustainable Design, Engineering and Construction 2015
doi: 10.1016/j.proeng.2015.08.520 
ScienceDirect
International Conference on Sustainable Design, Engineering and Construction 
Energy Analysis of Health Center Facilities in Saudi Arabia: 
Influence of Building Orientation, Shading Devices, and Roof Solar 
Reflectance 
Mohammed Alshayeba *, Haider Mohameda, Jae D. Changa 
aSchool of Architecture, Design & Planning, The University of Kansas, Kansas, 1460 Jayhowk Blv., Room 217, Lawrence, Kansas 66045 U.S.A. 
Abstract 
The healthcare sector is one of the Kingdom of Saudi Arabia’s (KSA’s) greatest consumers of electrical energy. The Ministry of 
Health has constructed and currently operating 60% of the healthcare facilities in the KSA. The ministry currently operates 249 
general and specialist hospitals with 34,370 beds and 2,109 primary healthcare service centers. R ecent government reports 
indicate a strong need for new healthcare facilities, which are expected to exceed 59,000 beds by 2018 due to current demands  as  
well as projected population growth. This increase in healthcare facilities will result in even greater energy consumption. The 
Ministry of Health has several approved completed designs of the hospitals and health centers needed to meet this demand. This 
study presents the impact of building orientation, window shading, and photovoltaic (PV) panel on the energy performance of 
one of the ministry’s approved primary healthcare center designs. The results of this study will aid in improving the energy 
efficiency of the soon to be constructed health centers. 
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1. Introduction 
The domestic oil consumption of the Kingdom of Saudi Arabia (KSA) has grown rapidly in the last 40 
years and recently reached nearly one-fourth of the country’s production [1]. Since the KSA’s economy heavily  
relies on oil export, the rapid growth in domestic consumption – 5.7% annually – will challenge its ability to 
increase oil export or even maintain a stable export [1]. The 3.4% annual population growth has greatly impacted the 
consumption of domestic oil, the primary  electricity fuel source [2]. The population growth has led to rapid increase 
on the country’s electricity demand. 
The current electricity peak demand in the KSA is about 55 Gigawatt (GW), and the average annual growth 
rate between 2006 and 2010 was 5.8% [2]. The King Abdullah City of Atomic and Renewable Energy (KACARE) 
has projected the peak electrical demand to reach 120 GW by year 2032. Buildings consume 79% of the generated 
electricity and 70% of a building’s electrical consumption is for HVAC [3]. The healthcare sector is responsible for 
about 1.4% of total electricity consumption [3]. 
In regards to healthcare services, the number of hospitals in the Kingdom increased  from 74 with 9,039 
beds in 1970 to 418 with 58,535 beds in 2011 [4]. The Ministry of Health is the major government agency entrusted 
with the curative and rehabilitative healthcare for the KSA’s citizens. The ministry has constructed and currently 
operates 60% of the healthcare facilities in the KSA. The ministry provides specialist services through 249 general 
and specialist hospitals with 34,370 beds and primary healthcare services through a network of 2,109 centers [4]. 
Along with population growth, there is a growing need for new healthcare facilit ies. The ministry has a 
plan to construct 1,671 primary  healthcare centers: 776 centers have been completed within the last couple years, 
105 centers are under construction, and 790 centers are in the pre-construction stage [5]. Energy consumption is a 
major concern of these centers. This study investigated the impact of building orientation, window shading, and roof 
solar reflectance on the energy performance of one of the ministry’s approved primary healthcare center designs in 
order to improve the energy efficiency of the soon to be constructed health centers. 
2. Literature Review 
Building orientation is an important parameter influencing the degree of solar radiation received on a 
building facade and solar radiation is a primary factor influencing the cooling load s in buildings [6]. The optimum 
orientation in most climate zones would be a north-south orientation with the long facade facing towards the equator 
minimizing the facade areas facing east and west [7].  
The optimum orientation leads to the provision of thermal comfort, reduces the active contro l requirements, 
and provides a reduction in energy use [8]. Pacheco, Ordóñez, & Martínez [8] studied the optimal orientation of a 
building and recorded the energy savings. Their study showed energy savings in heating and cooling when the 
building was rotated 30°, 45° and 60° in regards to the southern axis and the greatest energy savings was obtained 
when the longest walls were rotated 30o to the south. Therefore, in most cases the building orientation has a 
significant impact on thermal comfort as well as energy savings.   
In addition, window shading should be considered as an integral part of facade designs tha t help to reduce 
solar gains [9]. The external shading systems that install as part of the window are more affective to eliminate the 
effect of absorbing solar heat than the internal shading systems. Shading is designed around windows edges to block 
solar rays from entering into the spaces, and thus, to  reduce energy cooling loads [10]. In hot climate, shading 
systems reduce the cooling load during summer season. Raeissi and Tahri [11] studied the optimum overhang 
dimensions concerning energy saving for a residential build ing in Shiraz, Iran. The result was that through 
appropriate window shading, summer cooling loads could be reduced by 12.7% and winter heating loads only 
increase by 0.6%. 
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Photovoltaic (PV) panels on the roofs can prov ide energy and also help in reducing the active cooling load 
by breaking the solar radiat ion on the roofs [12]. When solar radiation h its the roof surface, it can either be reflected 
or absorbed. Absorbed heat raises the surface temperature [13]. Negengast [12] conducted an experiment to 
investigate the impact of shade provided by PV panels over different roof types to the surface temperature. At high 
ambient temperatures, shaded black and white membranes  significantly lowered the surface temperature compared  
to unshaded black and white membranes. A shaded black membrane lowered the temperature by 2-23ͼC (10-33% 
reduction) compared to the unshaded condition while the shade over the white roof membrane reduced membrane 
temperature by 1-12ͼC (4-22% reduction) compared to the unshaded white roof [12].  
3. Methodology 
The purpose of this study was to investigate design alternatives to improve the energy efficiency of one of the 
ministry’s approved healthcare center designs. The ministry has 11 types of primary healthcare centers that vary by 
size. Type M6 was selected for this study because it is the largest of the 11 designs and the one mostly likely to be 
constructed next. Type M6 is a two-story building with nearly 1,000 m2 (Figure 1).   
 
Figure 1: M6 Floor Plan 
EnergyPlus 8.0 was used to analyze the energy performance of the primary healthcare center. An 
assumption was made that the entire building, mechanical system, lighting, and equipment are fully  operated during 
the operation hours of the center. The operation hours are five days a week from 8:00 am to 4:00 pm and during the 
month of Ramadan are five days a week from 10:00 am to 2:00 pm and from 8:00 pm to 11:00 pm. The mechanical 
loads, lighting, equipment, number of occupancy for each space were defined based on ASHRAE 189.1. Several 
scenarios as shown in Table 1 were developed to investigate the impact of build ing orientation, window shading, 
and PV panels on the energy performance of M6. 
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Building Orientation Current 
Design 
Window Shading Photovoltaic Photovoltaic +Window 
Shading 1:1 ratio 1:1 ratio 1:0.5 ratio 
North(base origination) X X X X  
North East X X X   
East  X X X   
South East  X X X   
South X X X   
South West  X X X   
West X X X  X 
North west  X X X   
Table 1: Simulation Scenarios for Building Orientation 
The same building orientations were tested after applying horizontal shading element over the windows. 
The first set of scenarios applied shading elements over all the windows with a rat io of 1:0.5 in relation to the height 
of the windows. The second set of scenarios applied shading elements over all the windows with a ratio of 1:1. 
Finally, PV panels were installed on the roof to determine the amount of electricity the PV panels would  
generate and the impact of the PV panels’ shading on the  roof. A total of 240 solar panels at 20 across 480 sq. 
meters of roof space were installed. The PV panel specification was taken from the Building Component Library  
and the value for the cell efficiency was kept at the default of 0.12. 
4. Result 
The impact  of build ing orientation to energy consumption was tested and the impact was not significant 
(Figure 2). The greatest total annual cooling load among the eight orientations is the south -east orientation with 
122,141.22 Kwh while the min imum is the south orientation with 121,676.81 Kwh. The difference between the 
maximum and the minimum electricity  consumption is 464.42 Kwh, which  is nearly  0.38%. The impact  of build ing 
orientation is not significant because the building is nearly a square and the ratio of win dow to wall is almost 
identical. 
The 1:0.5 ratio window shading could save up to 1,963.35 Kwh in the north -east orientation (Figure 2). The 
average savings among the eight orientations when the shading to window rat io is 1:0.5 is 1,809.97 Kwh, which  is a 
1.5% reduction. The shading to windows ratio of 1:1 showed more energy savings among the eight orientations 
(Figure 2). Comparing the current design with shading to window rat io of 1:1, the saving could be up to 2,567.59 
Kwh. The total cooling load in the orientation for the current design is 121,683.47 Kwh and it drops to 119,115.88 







Figure 2: Annual Cooling Electricity Consumption (kWh) based on Building Orientation  









Figure 3: Annual Heating Electricity Consumption (kWh) based on Building Orientation  
In many cases, window shading reduces the cooling load but at the same time increases the heating load. 
As shown in Figure 3, the difference between the maximum and min imum heating load does not exceed 180kWh. 
Therefore, window shading with a ratio of 1:1 helps to reduce the cooling load with no significant negative impact 
on heating load. The PV panels can generate up to 65,000 kWh. They also help cool the roof by blocking solar 
radiation. Th is shading provides an annual cooling load decease from 121,683.47 Kwh in the current design to 









Figure 4: Annual Cooling Electricity Consumption (kWh) 
The optimal scenario could be reached if the best results of every tested scenario are implemented all 
together. Identifying the optimal building orientation, window shading, and integrating PV panels on the roof, 
greater energy saving could be achieved. As s hown in the Figure 4, with the optimal scenario (build ing orientation, 
window shading, and PV) the total cooling load would be 115,012.26 kWh. Comparing the cooling load of the 
current design of 121,683.47 kWh with the optimal scenario of 115,012.26 kWh, t he reduction is nearly 6,671.21 
kWh. 
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5. Conclusion and Discussion  
Energy consumption in bu ild ings is a very sophisticated issue and could be addressed from different views. 
The aim of this paper was to find easy to implement solutions that help to save energ y in the soon to be constructed 
healthcare centers in Saudi Arabia. The selected healthcare center is a prototype to be constructed hundreds of times. 
Therefore, the energy savings could be significant. The study showed a reduction of 6,671.21 kWh for just  one 
building. For future research, actual site measurements are recommended in order to verify the simulat ion findings. 
Also, the output of the PV panels was calculated under perfect conditions. The KSA is prone to dust storms and high 
temperatures which can reduce the efficiency of the PV panels. 
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